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经济负荷调度。国家能源局 20 1 1 年发布的《风电场
功率预测预报管理暂行办法》规定风电场功率预测
系统提供的日预测曲线最大误差不超过 2 5% ;实时
预测误差不超过 1 5%;全天预测结果的均方根误差
(root mean square error,RMSE)应小于 20%[3]。
对短期与超短期预测的时效尚缺乏共识,国家电网
公司 20 1 1 年发布的《风电功率预测功能规范》分别
规定为次日零时起 3 d 和未来 0~4 h,时间分辨率

















成[8]。有效的 WPP 虽然不会减少 WP 的随机性,
但可降低其模糊性,从而使 WP 的整体不确定范围
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性[10],优化机组组合与经济负荷调度[1 1],减少弃
风[12],降低排放,降低电网运行成本[1 3]。
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表 1　各类数据源































































































































开发的 Prediktor (全球第 1 个 WPP 软件,1994
年)[30],西班牙可再生能源中心(CENER)开发的
LocalPred-RegioPred(200 1 年)[3 1],以及德国奥尔


















短期预测,典型的软件有 DTU 开发的 WPPT(1 9 94


































































非线性函数逼近能力,是 WPP 中应用最广泛的 AI
方法。其中,又以反向传播 ANN(back-propagation
artificial neural network,BP-ANN )应 用 最
441
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广[24,3 5,50-5 1],其他还有径向基函数神经网络(radial




















此外,蚁群算法[58]、模糊逻辑算法[5 9]等 AI 方

















































有里程碑意义的是 2002 年开始由欧盟资助,7 个国





WPP[76]。此外还有美国 AWS Truewind 公司的
eWind(1 9 98 年)[77],及丹麦 Risø国家实验室与
DTU 共同开发的 Zephry(2003 年由 Prediktor 和































广泛采用平均绝对误差 (mean absolute error,
MAE)、平 均 绝 对 百 分 比 误 差 (mean absolute




献[91]将 MAE 和 RMSE 进行归一化处理,得到归
一化 平 均 绝 对 误 差 (normalized mean absolute
error,NMAE)和归一化均方根误差(normalized
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A Review on Short-term and Ultra-short-term Wind Power Prediction
XUE Yusheng 1,2 ,YU Chen 2,1 ,ZHAO Junhua 3 ,Kang LI 4 ,Xueqin LIU 4 ,Qiuwei WU 5 ,Guangya YANG 5
(1.NARI Group Corporation(State Grid Electric Power Research Institute),Nanj ing 2 1 1 1 0 6,China;
2.School of Automation,Nanj ing University of Science and Technology,Nanj ing 2 1 0094,China;
3.College of Electrical Engineering,Zhej iang University,Hangzhou 3 1002 7,China;
4.Queen”s University Belfast,BT9 5AH,Northern Ireland,UK;
5.Technical University of Denmark,Lyngby 2800,Denmark)
Abstract:The impact of wind power prediction(WPP)on power systems is discussed and the factors affecting the accuracy of
WPP are summarized.Then the paper unscrambles the WPP process from the viewpoint of information flow,classifies its
research status and discusses the requirements of evaluation index for WPP results.It is proposed that the error evaluation
index should reflect the WPP quality of the whole time window,and possible breakthroughs of WPP are also predicted.
This work is j ointly supported by National Basic Research Program of China (973 Program)(No.201 3CB228204),
Australian Research Council Proj ect(No.DP120 10 1 345),NSFC-EPSRC Collaborative Proj ect(No.NSFC-5 1 3 1 1 1 02 5-201 3,
No.EPSRC-EP/L00106 3/1),and State Grid Corporation of China.
Key words:wind power prediction;information flow;combinational prediction;evaluation index;probabilistic forecasting
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Observability Analysis of Power Grid Harmonic State Estimation
OU Zhuj ian 1 ,CHENG Xingong 1 ,ZONG Xij u 1 ,ZHANG J ing liang 1 ,HOU Guangsong 2
(1.School of Electrical Engineering,University of Jinan,Jinan 250022,China;
2.State Grid Heze Power Supply Company,Heze 2 74000,China)
Abstract:The number of measurements is often smaller than that of states in harmonic state estimation (HSE).This is a
difficulty in HSE,which makes the measurement-state equation underdetermined,and the system incompletely observable.In
light of the problem,three aspects are studied.Firstly,the equation is turned from underdetermined to determined or even
overdetermined by combining mathematical analysis and power system analysis,and proceeding from reducing the quantity of
states.On the premise that system complete observability,is ensured,the number of measurement will be greatly reduced.
Secondly,singular value decomposition(SVD) is applied to finding the observable islands and their calculation.Thirdly,by
referring to the matrix condition number,a practical linearly independent ranking method is proposed.The method is applied to
guiding the adj ustment and increase of equipment to realize fine observability.Finally,the Heze-Fangshan 220 kV-1 10 kV-
35 kV distribution system is presented to illustrate the application of SVD and the proposed method.
This work is supported by National Natural Science Foundation of China(No.1 1 20 1 1 7 9).
Key words:harmonic state estimation;observability analysis;linearly independent ranking method;condition number;singular
value decomposition
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Two-stage Real-time Generation Scheduling Model Based on Coordination of Regional and
Provincial Power Grid Generalized Tie-line
ZHANG Yantao 1 ,REN J ing 2 ,SUN Xiaoqiang 2 ,DING Qia 1 ,MA Xiaowei 2
(1.NARI Technology Co.Ltd.,Nanj ing 2 1 006 1,China;
2.Northwest China Grid Company Limited,Xi”an 7 10048,China)
Abstract:To further enhance the closed-loop operation level of real-time generation scheduling and achieve coordinated and
stable operation of regional and provincial power grid,a generalized tie-line mode real-time generation scheduling model is
proposed.The concept of generalized tie-line scheduling is introduced for the first time and a mathematical model each is
developed for the regional and provincial power grid,respectively.Coordinated allocation of real-time deviation is realized
between the two types of mathematical models by tracking their respective generalized tie-line scheduling while guaranteeing the
execution rate of the geographical tie-line.In addition,the regional power grid realizes overflow among the control areas and
analyzes the tracking situation of each control area generalized tie-line scheduling by means of two-stage optimization.
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